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SUMMARY

Jr.

~ lift, drag,andpitching-momentcharacteristicsoftheAGARD
CalibrationModelB as determinedintheIangley9-inchsupersonictunnel
arepresentedatMachnumbersof1.62,1.94,and2.41andata Reynolds
number,basedonbodylength,ofapproatel.y3.0x 106. Thezero-lift
dragdatacomparedfavorablywithavailabledataandwereintheproper
sequencefortheeffectsofReynoldsnumber.

INTRODUCTION

Duringtheearlyperiodofdevelopmentof subsonicwindtunnels,
importantdiscrepanciesindatafromdifferenttestingfacilitieswere
found.Manyoftheseclifficultieswereresolvedby improvedtechniques,
equipment,anddatacorrections.Inorderto reducefurthertheuncer-
taintyofcomparisonofdatafrm differentsources,a programoftesting
thesamemodelintheprimarytestfacilitiesoftheworldwasinstituted
(ref.1). As a resultofthesetests,thesubsonicwindtunnelhasb:ccme
a reliablesourceofinformation;anydiscrepancieswhichremainare
fairlyweKLunderstood.Now,thesameproblmhasarisenwiththesuper-
sonicwindtunnelswhichhavebeenbuiltinrecentyears,andinterest
hasbeenexpressedina testprogramforsupersonicfacilitiessimilar
tothatforthesubsonicfacilities.

ItwasdecidedattheRomemeetingoftheAdvisoryGroupfor
AeronauticalResearchandDevelopment(AGARD)oftheNorthAtlantic
TreatyOrganizationinDecember19~2to encouragesucha programof
testsinsupersonicwindtunnels.

.
Thefirstcotiigurationselectedforthispurpose(AGARDCalibration

ModelA)wasa slenderbodyofrevolution.Thisconfigurationwas
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designedbytheNationalAdvisoryCmmitteeforAeronauticsandtested
inearliercorrelationtestsofitsownfacilities.It isprobablybetter ,
knownastheNACARM-10researchmissil.e.Reference2 isa presentation
ofthezero-liftdragdataforthisconfigurationmeasuredin seversL
NACAwlmdtunnel.sandinflight.A secondAGARDconfigurationwasalso
selectedattheRomemeetingandwasdesignatedAGARDCalibrationModelB.
Itisa newconfigurationconsistingofa wing-bodycombination.The
specificationsforbothAGARDmodelsmaybe foundinreference3. .

Thepurposeofthepresentpaperistopresenttheresultsoftests
ofthisnewconfiguration(AGARDCalibrationModelB) intheLangley
g-inchsupersonictunnel.Themessurementsincludedlift,drag,and
pitchingmomentoveranangle-of-attackrangeof *6°. Thezero-liftbase
dragofthismodelwasEL&omeasured.Testswerecondugtedata Reynolds
number,basedonbodylength,of approximately3.0x 10 atMachnumbers
of1.62,1.94,- 2.41.
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Machnumber

base-pressurecoefficient
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Reynoldsnumber,basedonbodylength

ratiusofbodyatanystationx

total.wingarea

totalbasearea

maxbumwingthickness

distancefromnosealongbody@s

distancefromnme to centerofpressure,bodydismeters

angleofattack,deg

APPARA!I’US

WindTunnel

!I’heLangleyg-inchsupersonictunnelisa continuous-operation
closed-circuittunnelinwhichthepressure,temperature,andhtidity
oftheenclosedaircanbe regulated.DifferenttestMachnumbersare
providedby interchangeablenozzleblockswhichfom testsections
approximately9 inchessquare.Elevenfine-meshturbulence-damping
screensareinstalledintherehtinly laxgeareasettlingchamberahead
ofthesupersonicnozzle.Theturbulencelevelofthetunnelis con-
sideredlow,basedonpastturbulence-levelmeasurements.

Models

A drawingillustratingtheconstruction
CalibrationModelB andgi~ thepertinent

detailsoftheAGARD
dimensionsis shownin
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figure1. A photographoftheunassembledmodelis showninfigure
TIEmodelisawing-lodyccmibinationwitha finenessratioof8.5.
liftingsurfaceisa 600deltawingwitha spanfourtimesthebody

3300
0

2(a).

diam-
eter& hasa symmetricalcirc~-src sectionwitha thicknessratio
of0.04basedonthestreamwisechord.Thebodyisa bodyofrevolution
havinga cylindricalafterbodyanda noseprofiledeterminedby the
followingequationwhichisobtainedfromthemoregeneralequationin
reference4:

(1)

Themodelwasstingsupportedandhada sting-windshieldarrangement
as showntifigures1 and2(b).Thestraightportionofthestingwind-
shieldis about2 bodydiametersb length;thisisone-halfa bodydism-
eterlongerthanis specifiedinreference3. Thismodificationseems
justifiedbecausepreviousshroud-interferencetests(turbulentboundary
lsyer)haveindicatedthatthecriticallengthisabout2 bodydismeters
intheMachnuuberrangeofthesetests.Theratioof sting-windshield
diametertobasedismeterfortheforcetestsconfomstotheAGARD
specifications,althoughthisratioislmowntoborderonthecritical.
Forthebase-pressuretests,theratioof stingdiametertomodeldism-
eterwasO.375;andtheratioofthelengthof stingofconstantdismeter
behindthemodelbasetomodeldismeterwas3.6. Accordingly,thesting
effectsofthesetestssreconsideredtobe negligible.(See,forexample,
refs.~ and6.)

Fourprobesmountedas showninfigures2(b)and2(c)wereusedin
theforceteststo sensethepressureactingontheannulusofthemodel.
Thispressureandthepressurewithinthebalance-enclosingboxwere
employedto reducethedragandthepitchingmment to theconditionof
basepressureeqyalto streampressure.A hollow,Cykhl&iCd. sting
ventedto theareajustinsidethebaseofthemodelwasemployedinthe
base-pressureteststo senseW& basepressuresi

TESTS

Alltestswereconductedat a Reynoldsnumberofapproximately
3.0X 106,basedonbodylength,or0.60x 106,basedonthemeanaero-
-C *01% ~ atmch nmrs of1.62,1.94,and2.41. ‘lb force
testsweren@e overanangle-of-attackrangeoft6°,andthebase-
pressuretestswereconductedatan angleofattackof0°. Fixed-
transitiontestsweremadewithstrips3/16
2/100inchthickaffixedas ShOWllin figure

inchwideby approximately
1. Measumments oflift,
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drag,andpitchingmomentweremadebymeansofsmexternal.six-component
se~-balancingmechsmicalbslance.An opticalsystememployinga small
mirrormountedintheresrofthemodelwasusedtomeasuretheangles“
ofattack.

PRECISIONOFDATA

Theprecisionoftheresultshasbeenevaluatedby esttiting the

uncertaintiesinthebalancemeasurementsinvolvedina givenquantity
andcombiningtheseerrorsby a methodbasedonthetheoryofleast
sqpares.A summaryoftheseestimatesfollows:

Idftcoefficient,~.... . . . . . . . . . . . . . . . .. N.0004
Dragcoefficient,CD.... . . . . . . . . . . . . . . . . . *o.001
Basedragcoefficient,c%”””””””””””””””””” ;;”:2
Pitching-mmentcoefficient,~ . . . . . . . . . . . . . . . .
Angleofattack,a....... . . . . . . . . . . . . . . . m.ol
Machnumber,M....... . . . . . . . . . . . . . . . . . . *o.01

RESUECSANDDISCUSSION

Thebasicdataarepresentedb theform
momentcoefficients,andthecoefficientsme
area.Pitching-momentcoefficientsarebased
chordofthetotalwingandarereferredto a
thirdsoftherootchordfromtheapexofthe
sentedfortheconditionof zerobasehag in

oflift,drag,andpitching-
basedonthetotalwing
onthemeanaerodynamic
pointonthebodyaxistwo-
wing. Thesedatasxepre-
figure3.

Theparameters
% %’ C%in’‘d c% ‘e ‘res=ted‘n‘ig-

ure4 asa function”ofMachnmber. Theslopeoftheliftcurvedecreases
withMachnumberaswouldbe expected,andtheslopeofthepitching-
momentcurveincreaseswithMachnumber.Theminimum-drag(zero-base-
dragcondition)vsll.uesandthebase-dragvaluesforthemodeldecrease
slightlywithMachnumber.Figure5 showsthemovementofthecenterof
pressuretobe forwardwithMachnuniber.

Theapplicationoftransitionstripsto themodelhasveryMttle
effecton C

L
buthastheeffectof slightlyincreasing

%x
at

M = 1.62andslightlydecreasing~ at M = 2.41.
ofthetransitionstripsis seentobe ohtheminimum
showsthatthefixed-transitiondragvaluesare~ to

Thelargesteffect
drag. Figure4
90percentgreater

.
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0

thantheclean-modelvalues.Theincreaseinminhmmdragmay,forthe
mostpsrt,‘beattributedto an increaseh skin-frictiondrag;a small
portionmaybe dueto anincreaseofpressuredragcausedby thetransi-

,

tionstrips.

Figure6 presentsthevariationoftheEft-dragratioswithangle
ofattack.T& curvesoffigure6 wereextrapolatedto~ values,
smdtheexla?apolatedcurvesareshowninfigure7;thisextrapolation
appearsjustifiedbecausetheexperimentaldataseemtobeveryneaxa \
~. Thenwdmm lift-dragratiodecreasesslightlyastheMach
numberincreases.A decreaseofabout20percentinthelift-dragratios
isexperiencedWhentransitionstripsareapplied.Thisdecreaseisdue
primarilytotheincreaseindragwhichaccompaniestheuseoffixed
transition.

Figwre8 presentsthevariationofdragrisedueto liftwithMach
nuiber.Thevaluesofdragriseforboththeclean-modelconditionand
thefixed-transitioncaseat eachMachnumberwereobtainedby plotting
LCD
— againstangleofattack.Thesecurveshadanapproximatelyzero
CL2
slopeexceptatverylowsinglesofattack;thereforea singlevaluefor
eachcurveispresented.Theonlydataavailableforcomparisonwiththe
presentresultsarethezero-Hftdragdataofreference7 whichinclude
basedrag. (h ref.7 AGARDCalibrationModelsA andB arereferredto -
asAGARDModels1 and2,respectively.)Forcomparisonpurposes,the
dataofreference7havebeenextrapolatedandarepresentedinfigure9.
Thedragcoefficientsforboththefixed-transitionandtheclean-model
conditionssrepresentedwithandwithoutbasedrag(fig.9). Thebase-
dragvsluesareobtainedfromtheseparatebase-dragtestsmentioned
previously.Thepresentresultssadtheextrapolationoftheresultsof
reference7 comparefavorablyandareinthepropersequenceforthe
effectsofRey&ds nmnberupontheskin-frictiondrag.

CONCLUDINGREMARKS

Thelift,drag,sndpitching-mmentcharacteristicsoftbeAGARD
CalibrationModelBsrepresentedatMachnmbersof1.62,1.94,and2.41
andata Reynoldsnuziber,basedonbodylength,ofapproximately3.0x 106.
Thezero-Hftdragdataoftnepresenttestscomparedfavorablywith
availabledatasndwereinthepropersequencefortheeffectsof
Reynoldsnumber.

LangleyAeronauticalLaboratory,
National.AdvisoryCmmnitteeforAeronautics,

Ls.ngleyWeld,Vs.,J- 27,1954.
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, (a) Unassembled model. L-85621

Figure 2.- Photographa of model.
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(b) Model and sting windshield assembled
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(c) End view of sting windshield and pressure tubes.
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Figure 2.- Concluded.
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